Comparison of cholesterol determinations by nurses using a Reflotron analyser in a general practice setting showed a good correlation with plasma cholesterol determinations by wet chemistry in a clinical biochemistry laboratory. A limited number of comparisons did, however, give a much lower result on the Reflotron. In an experimental situation, small sample volumes (which could result from poor technique) were shown to produce falsely low readings. A simple method which may immediately detect falsely low Reflotron readings is discussed.
Portable blood chemistry analysers which use finger-prick blood samples are convenient for cholesterol screening. They allow cholesterol measurements to be performed in a range of physical settings. without the need for equipment for blood separation, and the determinations are relatively inexpensive. The prompt availability of results allows immediate feedback of results to the patient and this may facilitate and streamline lifestyle and diet counselling. The widespread use of such instruments can, however, have disadvantages. First, they allow cholesterol determinations to be made by people with little medical knowledge and in isolation, rather than as part of a proper assessment of cardiovascular risk. Accurate interpretation and good advice may not be available under these conditions. Secondly, samples can be easily processed by people with little concept of laboratory techniques and the importance of good quality control. The results obtained in such circumstances may be inaccurate and misleading.
There have been a number of comparisons between the results obtained from a Reflotron dry chemistry analyser and a well standardized wet chemistry method on a multi-channel analyser in a routine laboratory.l ? Several studies have Correspondence: Professor M J Ball.
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shown slightly lower values on the Reflotron.! although this is not always the case. When laboratory trained staff are used comparisons have usually shown good agreernent.t-' and the precision obtained with the Reflotron may be as good as that in some laboratories. However, some authors have been concerned about the large number of people who can be 'misclassified' into incorrect cardiovascular risk categories when the Reflotron is used by non-technical staff. 3 The Laboratory Standardization Panel of the National Cholesterol Education Panel (NCEP) recommendations published in 1988 suggested that the coefficient of variation (CV) for cholesterol determinations should be < 5070, reducing to < 3%, within 5 years.s Similar recommendations, based on analytical goals related to biological variability, are proposed in Europe" with a CV of < 3% being the target.
Possible problems in obtaining accurate and precise results with the Reflotron relate to incorrect manufacturer calibration, failure to check photometer function with the special test sticks, inadequate instrument maintenance. and poor technique due to inadequate training, poor manual dexterity or lack of care, and impatience. Systematic or random differences are revealed on comparison with other methodologies. Small systematic differences appear quite common on the Reflotron," some due to the use of whole capillary blood rather than plasma. If this is known a correction can be made prior to interpretation, but this is not possible when errors are random. In one public screening programme" only one of four organizations performing screening tests (3 commercial, 1 employee health screening) produced measurements within the acceptable NECP criteria of a total allowable error (bias related to the true value traceable to the National Bureau of Standards plus imprecision) on a singlemeasure within ± 14· 2070. The Reflotron values that were unacceptable were generally lower than the laboratory result. At one site with a much greater than expected incidence of low results, the Reflotron was functioning adequately, but the organization had only used the analyser for a short time and the erratic results were considered to be due to the operators' minimal training. Such random errors may be difficult to detect, particularly if quality control material is not used regularly.
In the current study, we compared the results of cholesterol determination on a Reflotron analyser by practice nurses in several general practice surgeries with results from a well standardized hospital laboratory which achieved a CV well below the recommended target. The findings prompted a small laboratory experiment to investigate aspects of the Reflotron use to try to explain the cause of some apparent random errors.
MATERIALS AND METHODS
The study was performed during a health screening programme conducted in five general practices around Aylesbury (Buckinghamshire, UK). The surgeries offered 'opportunistic health checks' by trained practice nurses with appropriate general practice back-up and follow-up." The nurses were instructed in the use of the Reflotron during two half day sessions by a scientific representative from Boehringer who was expert in the use and demonstration of dry chemistries, and this representative was subsequently available for consultation. The Reflotron strips were supplied by Boehringer and were from two batches whose expiry date was after the study completion.
Participants attended the surgery and completed a questionnaire. After they had been seated for some minutes, a finger pulp was cleaned using alcohol and allowed to dry, before a fingerprick blood specimen was obtained using a Softouch automatic puncture devise. A cholesterol determination was made on the Reflotron.
The nurse then collected a venous blood specimen with minimal stasis from an antecubital vein into an ethylenediaminetetra acetic acid (EDTA) vacutainer, and this was sent to the laboratory within 4 h, where it was promptly separated that day.
Methodology

Reflotron
The dry chemistry analyser was calibrated and the test performed as instructed by the manufacturer, using 32 ILL whole blood collected from a fingerprick site into a marked capillary tube. Precinorm (Boehringer Mannheim, Mannheim, Germany) was used as a daily quality control material. Blood specimens analysed in the laboratory were also tested fortnightly.
Laboratory
Venous blood specimens were separated in the laboratory and aliquots stored at -20°C. Cholesterol analysis was performed in batches in duplicate using the Boehringer CHOD enzymatic procedure on an ENCORE centrifugal analyser. Internal quality control was assessed on each analytical run using Precinorm and Technicon 'set-point'. The laboratory participated in the Burroughs Wellcome Clinical Chemistry Quality Assurance Programme and the UK NEQAS scheme where performance of the analytical method was good. The within assay CV from repeated measures of the 'set-point' control was 0'85070, and the between batch CV (from measures on 10 different runs) was 2·4070.
Studies were undertaken to investigate the reason for some random low readings on the Reflotron. The first study investigated the effects of application of a sample volume less than the recommended 32 ILL. An accurately calibrated positive displacement Oxford pipette was used by a single laboratory trained operator to sequentially pipette 23, 25, 27, 28, 29, 30 and 32 ILL of fresh heparinized blood onto a test strip. Cholesterol analysis was then performed following the manufacturers' instructions, carefully inserting the strip into the machine at a set time of 15 s after application of the blood. When the digital printout was obtained the stick was removed. It was then carefully re-inserted into the machine within 15 s, and the read-out noted after a further time cycle. This was repeated again.
The whole procedure was repeated on a separate occasion (results B) using a different blood specimen, a second pipette, test sticks from a different batch and another Reflotron. the test strip then revealed a higher read-out. This was in contrast to the lower reading on reinsertion of a strip to which the correct specimen volume was applied.
RESULTS
DISCUSSION
Varying the time between application of the blood and insertion into the machine from 8-20 s had a negligible effect ( Table 2 ). Re-insertion of the test strip gave a lower read-out.
Repeated Reflotron measurements (n = 9) on a single blood specimen with a laboratory value of 6 mmol/L using the recommended procedures gave a CV of 2070.
Comparisons between cholesterol determinations using the Reflotron, and results of wet chemistry methods in an automated laboratory have involved various numbers of measurements, and different types of operators, and they have been performed in a variety of situations, Initially, comparisons revealed some problems of standardization and Laboratory cholesterol(mmal/L) Six hundred and eighty-five men and women attended for the health check and had cholesterol analyses performed by both methodologies. The regression equation of the comparison between the cholesterol value obtained using the Reflotron and the mean of duplicate determinations in the laboratory was y=0'98x+0'06, correlation coefficient, r = O'87. Figure 1 indicates that there was a preponderance of low Reflotron readings with 3% of the readings being at least 20070 lower than the laboratory values, and in all but one of the 12 cases where the difference was greater than 2 mmol/L, the Reflotron reading was the lower. Many of these differences were in the region where clinical decisions would be affected. Higher values on the Reflotron are more likely to be accurate, whereas low Reflotron values are less reliable, with some very inaccurate results.
This was particularly so for values < 3· 5 mmol/L.
There was no correlation between the laboratory cholesterol versus the difference between the laboratory and Reflotron readings divided by the laboratory value, indicating that any di.fference was not dependent on the absolute cholesterol concentration.
The effect of applying different volumes of blood to the reflotron test strip is shown in Table 1 . Results were very inaccurate when 25 p.L or less was applied. At 26 iLL (experiment A) and 28 p.L (experiment B) there was a very large variance in the results. Subsequent re-insertion of In a second study an accurately measured 32 iLL blood specimen was used on each occasion and the time to insertion was varied, being 8, 12, 15 and 20 s, respectively.
Ann Ciin Biochem 1994: 31 inaccuracy, particularly at high values, but this was largely overcome by the manufacturer. More recent studies have found good reproducibility from day to day when the Reflotron was used by well trained operators and good correlation with results obtained on a SMAC and a Hitachi 373 when laboratory staff performed both determinations.! CVs for the Reflotron were between 1 and 2070, although the results were a median of 2% lower than those of plasma analysed by wet chemistry. This comparison, and some others, have, however, used heparinized venous blood for the Reflotron determination rather than a fingerprick sample. Finger-prick specimens gave a significantly higher value than venous serum on the Kodak Ektachemf 700 analyser with a mean positive bias of 3,6%. 9 Measurements on capillary blood were 7% higher than on venous plasma analysed with the Reflotron,'? and slightly lower than venous plasma analysed on the Hitachi 705 in another small study.'! In a study involving four standardized lipid research clinic laboratories'? the Reflotron results obtained by non-laboratory staff on capillary blood averaged O' 8-7' 8% lower than laboratory measures on EDTA plasma. CVs for two control pools were 4 and 4·9% compared to 1. 9% in the laboratory. Several measures differed by~12%; mostly for specimens with a high cholesterol value. Some of the differences were reproducible and would seem to result from postural differences, time between sampling, a physical factor in the blood, such as fibrin or lipid, or differences between capillary blood and plasma. The reason for other differences, which were not checked, might be the effect of anticoagulant or dilution of the capillary specimen by tissue fluid if pressure is applied to the tissue.
Poor results have been obtained on quality control material sent to some non-laboratory testers. !2 Problems are more likely to occur when the determinations are made by non-laboratory staff, particularly when these people are inadequately trained. Failure to check calibration is one concern. Calibration of test strips by the manufacturer allows a common reference point for diverse users, but there is a small risk of miscalibration and the user cannot recalibrate. As the method seems easy, non-technical staff may overlook the need for periodic instrument maintenance and for regular control. The operator also needs good eyesight and hand coordination, and to be able to handle blood pipetting and timing.
In our study, the overall performance of the Reflotrons used by trained nurses seemed generally satisfactory for screening, but a few results, from several different machines, were markedly lower than the laboratory values (with good agreement between laboratory duplicates) and were unacceptable. Following our laboratory study, we feel some of these low results were due to inadequate blood sample. Volumes only 5 or 6 ILL below the recommended 32 ILL gave very variable results, many of which were low. Lesser volumes gave consistently lower results (the slight difference in actual volume probably resulting from different pipettes and test-strips used). In practice, this volume difference could occur if a user had poor technique, e.g. did not allow the capillary tube to fill adequately, allowed some blood to remain in the tube or allowed some blood to fall on areas of the test strip other than the test pad. A smaller volume may not be visible as such on the stick (for exmple as a paler area) as the blood spreads during absorption. Thus users must check carefully for correct tube filing, small air bubbles in the capillary tube and that wiping the end does not remove volume. We suggest repeat measurement when Reflotron readings are < 3 . 5 mmollL.
In Naughton's study" the one site with the greatest number of inaccurate results had many more low values. This organization had only had its Reflotron for a short time and the authors considered the problem to be due to the operator's minimal training; no significant effects due to the phlebotomy were found. Inadequate sample may explain low Reflotron readings in such studies. This can be detected. Our experiment showed that if the volume applied was too small, second presentation of the stick gave a higher reading, rather than a lower one seen when an adequate
